A n estim ate w as m ade of th e effect of a p o p ulation of th e com m on vole M icrotus arvalis (Pallas, 1779) on th e crop pro d u ctio n of a group of cu ltiv ated fields in an a re a form ing 3100 ha of ty p ical a g ric u ltu ra l land in the W ielkopolska region of P oland, an aly sis v aria tio n s in p opulation density of this species, th e com position of its food, th e capacity for reg en eratio n of d iffe ren t species of p la n t an d th e p ro p o rtio n consum ed from th e w hole biom ass of elim in ated p lants. I t w as found th a t th e vole is able to reach considerable d en sity in ab o u t only 19°/o of th e study a re a (lucerne, m eadow s, fringes of sh elterb elts), in ab o u t 48% occurs reg u la ry b u t not v ery num ero u sly (chiefly in cereal crops) and usually does not occupy 23% of th e reg io n (root crops, m aize, wooded land). It occupies lucerne crops in th e g rea test n um bers, since 74% of all voles p rese n t in cu ltiv a ted fields live in lucerne, w hich form s 8.5% of the w hole of th e area. D uring th e year, depending on th e phase in th e cycle of v aria tio n s in num bers, voles rem ove from 1.6 to 45.8% of the biom ass of p rim a ry pro d u ctio n from an av erag e hectare of lucerne. T his species is not of econom ic im p o rtan ce in o th er crops, since on an average it elim in ates ab o u t 1% of p rim a ry p ro d u c t ion (w inter cereals, rape), or 0.1% (spring cereals). In th e stu d y a re a th e vole population elim inated from 0.2 to 6.4% of p rim a ry pro d u ctio n from an average h ec ta re of cu ltiv a ted crop. T he an im als w ere found to show p reference for feeding on w eeds in a cu ltiv a ted area. The effect of th e com m on vole on th e crop yield of cu ltiv a ted p la n ts depends on its density and to a g rea t e x te n t th e d u ra tio n of its effect on a p lan t, b u t to a lesser degree on th e am o u n t itself of biom ass elim inated. D am age is chiefly caused by th e voles feeding on lu cern e in su m m er and autum n, on cereals in la te spring and sum m er, and on rap e from au tu m n to late spring. At other tim es th e re is stro n g reg ro w th of p lan ts, w hich com pensates to a g rea t degree for th e losses caused by nibbling rodents. The estim ates obtained for am o u n t of dam age caused by th e vole in crops in rela tio n to incom e from p la n t pro d u ctio n on th e local S tate F arm s a re from 0.5 to 16% (in average y ears 3.5%). In th is v alu e as m uch as 97% of losses a re due to th e vole p o p u la tio n 's activ ities in lucerne crops.
[Dept, of A grobiology and F o restry , PAS, Św ierczew skiego 19, 60-809 Poznań, Poland]
INTROD U CTIO N
The common vole, Microtus arvalis (Pallas, 1779) is a small rodent occurring widely over Europe and Asia. It is the most numerous mammal in Poland, and particularly great densities are reached in the western [305] and southern parts of Poland (Skuratowicz, 1961 ; Caboń-Raczyńska & Ruprecht, 1977 ; Adamczewska-Andrzejewska, 1974) . Mass irruptions occur roughly every 3-4 years (Elton, 1942 ; Skuratowicz, 1957 ; Migula et al., 1970) , and during these periods it becomes an economically im port ant pest species. The greatest losses are caused in lucerne crops, in which it occurs most numerously (Kratochvil, 1959 ; Bashenina, 1962 ; Ryszków -ski, Goszczyński & Truszkowski, 1973 ; Ryszkowski & M yllymaki, 1975) .
A large num ber of monographs have been devoted to this species on account of its ecological and economical importance (Kratochvil, 1959 ; Bashenina, 1962 ; Straka, 1967) , but even so there still rem ain many problems not so far investigated. Considerable progress in obtaining knowledge of the rodent's bioenergetics was not made until the period of International Biological Program m e, when the daily energy budget was calculated for the vole (Trojan &Wojciechowska, 1969 ; Grodziński et al., 1977) and an estimate made of m any detailed bioenergetic data (Drożdż, 1968 ; Migula 1969 ; Drożdż, Górecki & Sawicka-Kapusta, 1972 ; Sawicka- Kapusta et al., 1975) . Detailed knowledge of the am ount of food they consume was of greatest im portance to estimates of the role small rodents play in ecosystems. During this period several studies were made in which the rodents' consumption was compared w ith the am ount of food supply available to them. The most complete presentation of the results of these estimates for ecosystems of the tem perate zone is to be found in the study by Golley, Ryszkowski & Sokur (1975) . The degree to which m any rodent species m ake use of food supply is low, often negligible (below l°/o), which would appear to point to the unim portant role of these animals in the functioning of settled ecosystems. It was found at the same time th at the vole is capable of causing great losses both in given crops (Ruzić, 1967 (Ruzić, , 1971 Tertil, 1974) and on the scale of whole regions or countries (Grulich, 1959 ; Bashenina, 1962 ; Sokur, 1963) . When these groups of results were compared the role of extraenergetic effects of the activities of small mammals became clear (Tahon, 1969 ) and led to a wider view on the complex relations between anim al ecosystem (Golley et al., 1975 ; Ryszkowski, 1975) and attem pts at obtain ing inform ation on the mechanism of these relations (Ryszkowski, Gosz czyński & Truszkowski, 1973 ; Tertil, 1977 Babińska-W erka, 1979 .
The purpose of the study was to attem pt to estimate the action of a population of common voles on vegetation of a typical agro-ecosystem in the intensively cultivated agricultural Wielkopolska region of Poland. The studies were carried out in an area of over 3000 ha, in all the main crops of a group of arable land. The density of the vole population was estimated over a full cycle of several years of variations in its numbers. Particular attention was given to its action apart from consumption.
Analysis was made of the composition of its diet in the m ain crops, and estimates of its effect on a change in the crop yield due to nibbling plants, the regenerative capacity of plants, the ratio of consumption value to biomass of plants excluded from fu rth er production but not consumed by these animals. Using analyses of agricultural estimates of crops, data on crop structure, the economics of farms and development trends in agriculture as a basis, an attem pt was made at estimating the current economic significance of the vole and the prospects of its occur rence w ith continuing intensification of agricultural management.
The m ajority of the data used in this study were obtained during the period from 1971-1976. 2 . STUDY AREA S tu d ies w ere ca rrie d out in th e im m ediate v icin ity of T u rew (50°04'N; 16°48'E) over an a re a of about 3100 ha, w ith su p p le m e n tary o b serv atio n s in neighbouring areas. T his region is considered as p a rt of w h at is kn o w n as th e K oscian P lain an d lies a t a n average a ltitu d e of 80 m above sea level. It is ch aracterized by a w arm clim ate, w ith hot sum m er and low rain fall. C o n tin en tal fe a tu re s are strongly m ark ed (M adany et ah, 1972a, b). T he m a jo rity of th e soils a re light, san d y -clay lying on light boulder-clays (M argow ski, 1972). * T he ty p ical p la in a g ric u ltu ra l landscape is predo m in an t, w ith few tree s (about 13%> of th e area). T here a re characteristic an d n u m ero u s sh elterb elts of v ario u s types and size, th e firs t of w hich w ere p lan ted in th is a re a d u rin g th e firs t h alf of th e 19th century. C u ltiv ated land occupies ab o u t 80% of th e area, and buildings, roads and bodies of w ate r about 8% (Table 1) . ' T able 1 S p a tia l stru c tu re of biotopes d u rin g th e grow ing season (after Ryszkow ski et al., 1973, changed). W ithin th e stu d y a re a (3100 ha) th ere w ere 2150 h a of a ja b le lan d on w hich ap p ro x . 25 species of th e m ore im p o rta n t crops w ere grow n. T he la rg e st are a (37.7%) is occupied by w in te r crops: cereals and rape, p ere n n ial crops 8.5%, spring crops 25.3%, root crops an d m aize 28.5%. T h ere w ere no d istin ct changes in th e stru c tu re of crops durin g th e stu d y period (1971) (1972) (1973) (1974) (1975) , only a g rad u a l ten d en cy b eing observed to replace ry e by barley , w hich gives la rg e r crop yield, an d also p a rtly by sugar beet and rape. In 1974 a new w in ter crop beg an to be cu ltiv a ted (a cross betw een fodder cabbage and rape) given th e nam e perko.
A g ric u ltu ra l m anagem ent is in ten siv e in th is region an d is d istin g u ish ed by a h ig h er degree of m echanization of agrotechnical w ork, co n sid erab le use of a rtific ia l fertilize rs (alm ost 20% m ore th a n th e n atio n al average) an d pesticides. V ery larg e-scale fields, from 30-60 ha in ex ten t, of th e S tate F arm s an d P ro d u c t ion C o-operatives occupy 74% of th e to ta l a re a of ara b le land.
T he c h a racter of th e landscape (num erous shelterbelts) is fav o u rab le to m a in te n an c e in th e study a re a of a strong group of p re d a to ry b ird s an d m am m als, w h ich in ce rtain periods e x e rt g rea t p re ssu re on th e vole p o p u latio n (Ryszkowski et al., 1973).
METHODS FO R M A KING ESTIM A TES

Densities and Spatial Structure
One of th e chief purposes of th is stu d y w as to o b tain ab so lu te estim ates of th e n u m b ers of th e vole p opulation in th e larg e study area, hence it w as essen tial to en su re th a t a fully re p re se n ta tiv e n u m b e r of crops w as in clu d ed in estim ates w ith in th e relativ ely short periods of q u a n tita tiv e sam pling.
T h e m ethod used consisted in c a p tu re from selected a re as of th e an im als w hich h ad been flushed out from th e ir b u rro w s by pouring w a te r into them . T his m ade it possible, unlik e th e m ethods based on tra p p in g ro d en ts in d iffe re n t ty p es of tra p , to obtain fa r m ore quickly q u a n tita tiv e estim ates close to ab so lu te estim ates. T his m ethod has been given in g re a te r d etail in th e p ap e r by R yszkow ski et a .
(1973).
, ,
E stim ates of th e density of voles w ere m ade by th is m eth o d th re e tim es a y ear. in spring (A pril, May), sum m er (July, A ugust) and a u tu m n (October, N ovem ber) A single sam ple consisted of th e n u m b e r of ro d en ts cau g h t from an area of 625 m 2 (25X25 m). In fields w ith p ere n n ial crops (lucerne) 5 sam ples w ere ta k en a t ran d o m from each field an d 10 sam ples from fields of th e rem ain in g crops. O bservations of re c a p tu re s of p reviously m ark ed an im als an d m u ltip le ca p tu res fro m th e sam e area m ade it possible to establish th a t a ce rtain n u m b e r of voles failed to be caught d u rin g tra p p in g (by th e ir rem ain in g in b u rro w s, escaping etc.) an d th e re fo re a n estim ate of n u m b ers reduced by a ce rtain p ercen tag e w as o b ta in ed. In lucerne and rap e crops th is w as 25%, and in cereal crops 7%. R esults of field estim ates w ere increased by th is v alu e in fu rth e r calculations.
As ea rly as th e in itia l p a r t of tlje stu d y period it w as fo u n d possible to distin g u ish groups of crops in w hich density of voles w as sim ilar (differences w ere n o t statistica lly significant). T his g rea tly sim plified w ork, as it m ade it possible to choose crops ch aracteristic of th e given group, an d estim a tes w ere m ad e chiefly on them . The resu lts obtain ed w ere re fe rre d to th e w hole a re a occupied by th e given ty p e of crop. Rye w as ta k e n as a crop ty p ic al of w in te r cereals, oats fo r th e group of spring p la n ts (w heat, pea etc.), lu cern e as p ere n n ial crop. R ape crops form ed a se p arate question. Root crops (potatoes,, beet) a n d m aize w ere ch a racterize d by zero or n ea rly zero head of voles, hence only control ap p ro x im ate estim ates w ere m ade on th em in su b seq u en t years.
On a n average th e study a re a included 7 lu cern e fields, 6 ra p e fields and 25-40 fields of th e rem ain in g crops, chiefly cereals (these fig u res ap p ly only to la rg e -scale fields on sta te an d co-operative farm s). B efore sta rtin g o u t on q u a n ti tative estim ates ap p ro x im ate estim ates w ere m ade of th e head of voles (n u m b er an d size of ac tiv e colonies) in all th e fields of th e given crop. By d istin g u ish in g fields w ith an ticip ate d high, m edium and low den sity of voles it w as possible to c a rry out th e estim a te in selected fields p ro p o rtio n ate ly to th e p ercen tag e of th e th re e classes of density found for th e w hole a re a of th e given crop. In th is w ay it p roved possible to avoid d istortion of re su lts by fo rtu ito u s estim ates from fields w ith m axim um density of voles only. T ra p p in g w as ca rrie d o u t in each series (spring, sum m er, autum n) on over 50%> of th e lu cern e an d ra p e fields s itu a te d w ith in th e stu d y a re a and 25-40% of fields w ith o th er crops.
T he n u m b e r of voles occurring d uring a given perio d in a given crop w as estim ated from corresponding estim ates of av e rag e den sity an d th e size of th e a re a occupied by th is crop.
E stim ated of th e to ta l n u m b er of indiv id u als p rese n t in th e stu d y a re a in d if fe re n t y ears w ere obtained by calculating so-called in d iv id u al-d ay s (Ryszkow ski & P etrusew icz, 1967) and dividing th is v a lu e by th e accepted av erag e len g th of life of voles. T he v alu es of th e accepted assum ptions an d p a ra m e te rs a re p rese n ted jo in tly in th e follow ing section of this paper.
D u rin g th e fiv e-y ea r period of these studies -1971-1975 -estim a tes w ere m ad e of th e den sity of voles on alm ost 550 field s of d iffe ren t crops. D uring th e course of fiftee n tra p p in g series on selected fields ro d en ts w ere ca u g h t from 880 are as and a to ta l of 5420 com m on voles obtained.
State of Biomass and Composition of Vegetation
E stim ates of p la n t biom ass w ere m ade in connection w ith th e stu d ies c a rrie d o u t on th e com position of th e com mon vole's diet in cu ltiv a ted fields an d th e reg e n erativ e cap acity of th e p la n ts it nibbles. U se w as also m ade of ag ric u ltu ra l estim ates of crops from fields situ ate d in th e stud y area, o b tain ed from th e m an ag ers of S tate F arm s and P la n t B reeding S tations.
Sam ples w ere ta k e n d uring ch a racteristic periods connected w ith th e phenology of cu ltiv a ted p la n ts or th e w ay m an m akes use of them . In w in te r cereals an d rap e sam ples w ere ta k e n fo u r tim es over th e period of th e ir v eg etatio n cycle: d u rin g th e p la n t restin g phase (w inter), a fte r p la n ts begin grow th (April), d u rin g th e period cereals form ears or rap e flow ers (A pril-May) and d u rin g h arv estin g . In th e case of spring cereals it w as possible to ta k e sam ples only d u rin g th e la st tw o phases, sam pling lucerne d u rin g successive m ow ings, u su ally in May, Ju ly an d A ugust, an d in addition before p lan ts b egan grow ing an d in au tu m n w hen reg ro w th of p la n ts w as slow.
T he w ay in w hich sam ples w ere ta k en and th e ir size an d n um ber, d ep en d ed on th e c h a ra c te r of th e estim ates of th e effect of th e vo le's activ ities. P la n t biom ass du rin g th e given period w as assessed on th e basis of 15 p la n t sam ples 0.25 m 2 in; size (50X50 cm) or 50 sam ples 314 cm 2 in a re a chosen a t ran d o m fro m th e given field of th e chosen crop, using a m etal fra m e or hoop 10 cm in rad iu s. T he h arv estin g m ethod w as used for estim ating biom ass. T he p la n ts w ere cu t fro m defined are as a t a height of 0.5 cm above g ro u n d level. M aterial from th e sam ple in th e fre sh sta te w as segregated into its v ario u s elem ents: cu ltiv a ted p la n ts, m onocotyledenous an d dicotyledenous weeds. T he p la n ts w ere n e x t d ried to co n stan t a ir-d ry biom ass a t a te m p e ra tu re of 85°C an d w eighed w ith accu racy to 0.1 g. F rom 1973-1975 a to ta l of 1720 p la n t sam ples w ere ta k e n fro m b arley , oats, w in te r w heat, rye, ra p e an d lucerne crops.
Composition of the Vole's Diet
T he com position of th e vole's diet and its v aria tio n s d epending on th e develop m en t phase of plants, w ere defined by m eans of an aly sis of stom ach co n ten ts of an im als cau g h t in basic crops c h a racteristic of th e occurrence of th is species, th a t is lucerne, ry e and rap e. T he tra p p in g tim es for p arties of an im als w ere sy n ch ro nized w ith th e developm ent phases of cu ltiv a ted p lan ts. T rap p in g of voles an d estim ates of th e sta te an d stru c tu re of p lan ts w ere c a rrie d out sim u ltan eo u sly , over th e sam e period on th e sam e are as of selected fields. In o rder to lim it th e side-effects of other crops, sh e lte rb e lts etc. larg e-scale fields w ere chosen an d estim ates m ade in th e p a rts of th e fields a t a d istance from th e edge. A to ta l of 646 vole stom achs containing v ary in g q u a n titie s of food w ere used for analysis. T he m ost num erou s m a te ria l w as o btained from lu cern e (46®/o of stom achs), 33°/o fro m a ry e crop and 21°/o fro m rap e. T he m a jo rity of th e voles w ere cau g h t by m eans of flooding th e ir b u rro w s w ith w ater. A fter ry e and ra p e grew ta ll (May, June), th e anim als w ere obtain ed fro m snap tra p s set in th ese crops.
Stom ach contents not analyzed on th e day th e given an im als w ere caught, w ere conserved by m eans of drying th em on pieces of cardboard. M icroscopic analysis of stom ach contents w as m ade by m eans of th e m ethod, th e p rin cip les of w hich w ere described by H olisova (1966) . The technical in stru ctio n s co n tain ed T hree p rep a ra tio n s w ere m ade and analyzed from th e co n ten ts of each stom ach, and th e fin a l resu lt co n stitu ted th e av erag e value fro m th ese estim ates.
Id en tific atio n of com ponents of th e vole's d iet m ad e it m uch easier to p re p a re reference m odels from know n p la n t m a teria l. A larg e n u m b er of glycerine p re p a rations w ere m ade from p a rts of p la n ts w hich w ere p resu m ab le com ponents of th e vole's d iet and w ere c u rre n tly available to th ese an im als on th e tra p p in g area. Even b e tte r m odel p re p a ra tio n s w ere o btained from stom ach co n ten ts of te st voles fed in th e la b o ra to ry w ith given know n species an d p a rts of p la n ts. The use of this m ethod, how ever, n ecessitates obtaining a large n u m b e r of an im als, an d it is th e re fo re m ost convenient du rin g periods of n u m ero u s o ccurrence of th e com m on vole.
C oefficient of Consumption of Plant Biomass Eliminated from Further Production
The am o u n t of p la n t biom ass elim in ated from fu rth e r p ro d u ctio n (MR) does not usu ally correspond to th e am o u n t of th e a n im a l's consum ption (C). T h e rem ain in g p a rt consists of so-called u n u sed m a te ria l (NU)f hence MR=C<-±-NU (Petrusew icz, 1967). Since it is possible, w h en estim atin g th e role of th e given herbivorous species in th e ecosystem solely on th e basis of k now n am o u n t of consum ption, g reatly to u n d e r-e stim a te its effect in ,the m a jo rity of cases, it is essen tial to know M R v alu e in o rd er to o b tain correct estim ates. It is often d ifficu lt to o btain an estim ate of this valu e, and m ore often only a n estim ate of th e an im al's con su m p tio n in av a ila b le (C). On th is account it is im portant to k now th e ratio M R : C, w hich m akes fu rth e r calculations possible.
T hese v alu es w ere e stim a ted u n d er field conditions in lucerne, ry e an d rap e crops. A to ta l of 47 m e asu rem en ts w ere m ade, th e m ajority , (27) on lu cern e, w here th e re w as m ax im u m density of th e com m on vole, and 10 estim ates each on th e o th er crops. In th e case of lucerne series of estim ates w ere m ade d u rin g th e tim e p la n ts b egan to grow , durin g th e period of lu x u ria n t growth before th e m ow ing, th e b etw een th e firs t an d second m ow ing, and betw een th e second an d th ird m ow ing an d in au tu m n . E stim ates w ere m ade in only two perio d s on ry e and rap e -a fte r v eg e ta tio n began and du rin g th e period preceding flo w erin g of th e p lan ts. E a te r on th e h eig h t and density of plan ts in the fields m ade it d ifficu lt to o b ta in a c cu rate resu lts.
E stim ates w ere c a rrie d out as follows: a search w as made for isolated, relativ ely com pact vole colonies. R ound th e colony, in places in which th e a n im als' feeding activ ities w ere evident, a n a re a from 9 to 32 m2 w as laid out. B efore th e estim ate was b egun in th is a re a th e w eight of an average p la n t shoot of a cu ltiv a ted p la n t w as d eterm in ed , an d th e ex istin g dam age to cu ltiv ated plants an d w eeds -trac es of an im als having fed on th em (vole, hare, ro e-d eer etc.) was m ark ed w ith quickly d ry in g b rig h t p ain t, an d in th e sam e w ay a fte r th e plants h ad b een m ow n by a g ric u ltu ra l m achinery. A fte r 14 days th e w eight of an average p la n t shoot w as again estim ated an d a count m ade of th e n um ber of shoots elim inated d u rin g th e estim ate. By m u ltip ly in g th e n u m b e r of shoots elim inated by th e w eig h t of an av erag e shoot (average fro m tw o m easurem ents), a fte r adding th e biom ass of th e w eeds rem oved, a n estim a te w as obtained of p la n t biomass elim in a te d by th e vole colony d uring th e period th e estim ate lasted (MR). Rodents w ere n ex t caught. K now ing th e n u m b e r an d w eight of voles in th e colony, calculation w as m ade from d a ta in lite ra tu re of th e ir joint consum ption (C) and then th e ra tio M R : C.
T he sum to ta l of tw o v alues w as used to estim ate vegetation n ot used by th e vole (N U ): biom ass of food resid u e left by th e anim als on the g ro u n d su rfa ce and in th e tu n n e ls of th e colony, an d th e biom ass of plan ts used to b u ild nests. The biom ass of nest m a te ria l used by voles aver th e course of a y ea r in are a s of cu ltiv a ted p la n ts w ith av erag e density of anim als w as calculated fro m estim ates of d en sity and w eight of nests. E stim ates w ere made ill §pring, su m m er and au tu m n on lucerne, ry e an d rap e crop^. F or th is purpose the ro d e n ts' colonies fo u n d o n 100 m 2 are a s of fields chosen a t random w ere dug up and a count m ade of cu rre n tly occupied or recen tly deserted nests. The nest m aterial o b tain ed w as cleaned of im p u rities in th e laboratory, th e n dried and weighed in accordance w ith accepted prin cip les (tem p eratu re 85°, accuracy of weighing 0.1 g).
Effect of the Vole's Feeding Activities on Crop Yield
T he p urpose of th e ex p e rim en ts ca rrie d out u n d er field conditions w as to e stim a te th e effect e x e rte d by th e com m on vole on crop yield b y n ib b lin g th e u p p er p a rts of plan ts, a n d to distinguish periods of th eir intensified h arm fu ln ess.
E stim ates w ere m ade fo r six crops: cereals (rye, w in ter wheat, b arley , oats) and lu cern e an d rape. T he vole's feeding activities w ere sim ulated on 0.25 m s (50X50 cm) plots by c u ttin g off p lan ts in th e ty pical w ay used by th is species of ro d en t. The plots w ere arra n g e d in th e crop in accordance w ith a n accepted p la n defining th e ir distan ce in a row (2 m), distance between row s (10 m) and laying dow n exactly th e o rd e r of d istrib u tio n of plan ts differing as to th e degree of elim ination of p la n t biom ass. In th is w ay th e re p e a ta b ility of resu lts and random n a tu re of choice of plots in crops w ere ensured. T he follow ing degrees of e x te n t of elim ination of p la n t biom ass w ere used: ap p ro x 10%, 33%, 50%, 75% an d 100%. E lim ination of about 50% of p la n t biom ass from a plot corresponded e.g., to cutting off every o th er b lad e of cereal crop, shoot of lucerne, or rem oval of every other rap e leaf. P la n ts on crops of w in te r cereals an d ra p e w ere rem oved in tw o periods: in M arch-A pril, d uring th e phase in w hich cereals develop, w hen ra p e h ad its firs t new leaves, and d u rin g th e p hase of fo rm atio n of ea rs and flo w erin g of ra p e in May. A dditional estim ates w ere m ade d u rin g th e restin g p h ase of p lan ts in D ecem ber-Ja n u a ry . In th e case of spring cereals rem oval of p la n t biom ass w as ca rrie d out only w hen ears w ere form ing, w h ereas w ith lucerne c u ttin g took place soon a fte r grow th h ad begun in spring, d u rin g th e periods b etw een m ow ings, and a fte r th e th ird m ow ing in O ctober. N orm ally p la n ts w ere rem oved once only from th e sam e area,, estim atin g th e effect of th is operation d u rin g h arv estin g (or m ow ing lucerne) an d only on ¿rye an d rap e crops w ere a d d itio n al estim ates m ade of th e effect on th e crop of cu ttin g p la n ts tw ice on th e sam e plots. Each v a ria n t of th e ex p e rim en ts m ade w as rep e ate d on 15 plots. A t th e sam e tim e p la n ts w e re also ta k e n from th e sam e n u m b e r of control plots. P la n ts w ere ta k e n from a to ta l of 1350 plots. The p la n t biom ass collected (in cereal and ra p e crops distin ctio n w as m ade b etw een stra w an d grain) w as dried an d w eighed in accordance w ith accepted principles.
ACCEPTED ESTIM A TES
1. U sing as a basis m e asu rem en ts of th e body w eight of 5000 voles obtained fro m d iffe ren t crops, in d iffe ren t tra p p in g years and cau g h t by d iffe ren t m ethods, it w as found th a t av erag e body w eight of a vole from th e stu d y a re a w as 18.5 g.
2. V oles' length of life depends on a large n u m b er of ecological factors. T here a re m an y d etailed estim ates re la tin g to th e vole's age s tru c tu re in lu cern e crops, w h ere it has been found th a t th is p a ra m e te r v aries w ith in w ide lim its depending on th e season and phase of th e population cycle of v aria tio n s in n um bers. 3. F or th e purpose of th e p rese n t study th e am o u n t of av erage daily consum p tio n by a vole w eighing 18.5 g w as ta k e n as 15.0 k ca l/in d iv id u al/d ay calculated fro m d ata contained in th e p ap e r by S aw ick a-K ap u sta et al., (1975) .
4. In rela tio n to th e energy v alu e of food consum ed, 77.5% is assim ilated. The en ergy v alu e of ex c rete d faeces is 18.7%, u rin e 3.8% (Drożdż, 1968 ).
6. tThe caloria 'v alu e of 1 gm of dry m ass of lucterne shoots Wasi ta k e n as«' 4.4 kcal, rap e 4.2 kcal, ry e 4.1 kcal (after estim ates by S aw ick a-K ap u sta et al., 1975; K ukielska (in p re p a ra tio n ) ). On th e basis of th ese d a ta th e av erage caloric v a lu e of th e m ass of u p p er p a rts of p la n ts w hich fo rm th e b asic food of the voles exam ined w as ta k e n as 4.2 kcal/g of d ry m ass.
7. U sing estim ates m ade by S aw ick a-K ap u sta et al. (1975) an d d ata from in d u stria l drying cham bers, w a te r content in th e green m ass of lucerne w as ta k e n as 80%, 85%' in rye, 90% in rape.
8.
The am o u n t of average p rim a ry production n ett in agroeco.'Systems w as ta k en , as th e basis for syntheses of th is type of m aterial, as 1141 g d ry m ass/m 2/y ear, w h ere av erag e biom ass of th e u p p er p a rts of plants forms 6:3.3% of th e w hole p rim a ry p roduction of cultivated p la n ts (French et al., 1979) .
T he eq u atio n given in the p ap e r by Ivlev (1955) w as used to e;stim ate p referen ces (for food, h ab itat), as follows:
E =M -Pi w h ere E -p referen ce index; f t -percentage of com ponent iin diet; Pj -p e r cen tag e of com ponent in h ab itat. The v alu e of th e index takies on v alu es from 1 to + 1 , v alues in plus indicate p references for a given co m ponent (elem ent) fro m th e h ab itat, values in m inus -avoidance. Zero value a n d in th e p re se n t stu d y it w as assum ed also to include values in th e interval fro m -0.2 to 0.2, in d ic ate p ro p o rtio n ality , indifference. * T he sta tistic a l significance of differences w as calculated by m eans of th e S tu d e n t t test.
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RESULTS
Numbers, Density, and Spatial Structure of the Vole Population
Q uantitative estimates of the vole population were made over a period of 5 years (1971-1975) , tracing the full range of variations in the num bers of these rodents ( ed, the 1971 irruption lasting longer than in 1975, and the density of voles being about 32°/» greater. In some lucerne fields the density of voles in the summer of 1971 reached a maximum num ber of nearly 3500 individuals/ha. Data for 1971 were taken as typical of the peak period of population numbers of this species, and data for 1973 as the minimum numbers, and the average estimate for 1972 and 1974 (period of the phase of decrease and increase during the cycle of variations in numbers) as the estim ate of average states of population density. M aximum density of voles was found in lucerne fields, where average density over a 5-year period was 362 individuals/ha, and was on an average about 7 times greater than in rape fields, and about 12 times greater than in cereals and spring crops ( Table 2 ). The im portance of different crops for the vole population in the study area is best described by the average percentage of the population in different crops out of the total num ber of voles present. This value is the function of density and area occupied by the given crop (Table 3) . On an average on peren-
T o tal n u m b er of voles p rese n t in th e a re a of cu ltiv a ted field s (2150 ha). 
M ean n um bers (1972, 1974) P erce n tag e of th e n u m b er of voles fro m th e given crop in rela tio n to those p rese n t in thp w hole field area (19711 nial crops, occupying 8.5% of the total area of crops, 73.8% of the voles living there are present, whereas only 20.0% occur in 34.7% of the area of w inter cereals. The rem aining crops are occupied by only 6% of the voles present (Table 3) . W hen the value of the percentage of voles from perennial crops out of the total num bers (Ti) is placed in Ivlev's equation, we obtain a coefficient of +0.77, which is evidence of the high degree of preference by the vole population in its occupation of the crops. The above data are characteristic of the distribution of the vole population in an area of cultivated land. Even in years of high numbers the vole population does not occupy the whole area of crops. It is only except ionally th a t single individuals occupy a large area (28.5% of the area) of root crops and maize. In years when numbers are minimum a small number of vole colonies persist only on perennial crops, meadows, edges of shelterbelts, grass boundaries between fields etc. The area of such places of shelter for the vole population is about 19°/o of the study area (Table 1) .
The Vole's Food Supply
The harvesting method was used to estimate prim ary production of the upper parts of the five plant species most numerously occupied by the vole population (Table 4) . Maximum biomass production of the upper T able 4
A verage p rim a ry prod u ctio n (crop) of th e up p er parts of cu ltiv ated p la n ts an d of weeds.
C u ltiv a ted p la n ts Biom ass in g dry m ass/m 2 Weeds Total 
V eronica arvensis L. is more marked. The proportion of weeds in lucerne during periods when the crop starts growing in spring, and during its slower growth in autum n, increases considerably to 30-40°/o (Table 9 ). Also a far higher proportion of v/eed biomass was several times found in the rape crops during the resting period in relation to rape biomass than during the period of its strong growth. This was due to mass development of Stellaria media Vill., which successfully overwintered (Table 10) .
Comparison was made of the authors' own estimates of plant product ion with agricultural estimates of crop yields obtained in the study area (Table 8 ). In every case the yield shown by the State Farms was lower -in lucerne approx. 10°/o, in cereals about 12%), and in rape about 20°/o lower. The difference found m ay be explained by a num ber of causes, although it would seem th at these differences chiefly illustrated the am ount of losses caused by mechanical harvesting of plants. The reciprocal ratios of these values are in agreem ent w ith practical sug gestions.
Composition of the Vole's Diet
The composition of the vole's diet was estim ated for the three basic crops in which the population usually attains maximum density -lucer ne, rape and rye. There are no quantitative estimates of the vole's diet T able 9 The vole's diet in rela tio n to p la n t biom ass stru c tu re in a lu cern e crop, a -P ercentage of com ponent in diet (°/o by weight), b -P ercentage of com ponent in p la n t biom ass (% by w eight), c -V alue of food p reference index E, n -N on-significant v alu e of index E. It was found, in accordance w ith suggestions and estimates contained in a large number of papers, th at over the period of the whole year the vole in cultivated fields is a decided consumer of the green mass of plants (Table 9- The vole's diet in relatio n to p la n t biom ass stru c tu re in a rap e crop. a -P ercen tag e of com ponent in diet (% by weight), b -P ercen tag e of com ponent in p la n t biom ass (°/o by w eight), c -V alue of food preference index E, n -N on-significant value of index E. The vole's diet in relatio n to p la n t biom ass stru c tu re in a rye crop. frequently close to 100%, and is usually not less than 90% of the biomass consumed. The parts of plants below ground (0.1-7.4% of the vole's diet) form a very small value. Their proportion increases slightly during periods of some insufficiency, or reduction in the value of food (autumn, winter, early spring). A negligible percentage of their food was found to be formed by invertebrates (0.1-1.1%). Its am ount increa ses gradually from spring to early autumn, and is highest during the period of intensive reproduction in the population. During the m aturation periods of the seeds of cultivated plants and weeds, the vole partly feeds on them. Their percentages in its diet in cereal and rape crops are, however, only about 10%, which does not in principle alter the reciprocal proportions of the chief components of its diet -the green parts of cultivated plants and weeds, and roots and rhizomes ( Tables  9-11 (Table 9 ). The percentage of rye and rape grain in the vole's diet is not in proportion to produced biomass b ut is 3-4 times lower (£ = -0.59 ; -0.57). The seeds of weeds are a preferred food in the rape crop, but are more or less avoided in rye ( £ = -0.20), but these relations are not distinct. The percentages of this component in both diet and total plant biomass are so small that it is more correct to speak of finding proportional consumption of the seeds of weeds.
Rape
In addition to the three species of cultivated plants 29 weed species occurred in the study fields. In estimating the vole's food preferences in relation to weeds it was found that almost all species are eaten in principle proportionately to their percentage in plant biomass (value of coefficient £ between -0.20 +0.20). The vole exhibits a faint preference only for Stellaria media Vill. and Taraxacum officinale Web in lucerne, and Poa pratensis L. in rape. The following weed species occurring in crops were not found in the composition of the vole's diet: Convolvulus arvensis L., Equisetum arvense L., Erodium cicutarum (L.) L 'TIerit., Matricaria discoidea Dc. These species form only a small percentage (0.1-2.9%) in the weed biomass of the crops examined.
Estimate of Amount Consumed by the Vole in Relation to Plant Biomass Eliminated from Further Production
The value of the ratio MR : C was estimated experim entally in three crops : lucerne, rye and rape, during different stages of development of these plants. Ratio MR : C below 2.0 indicates the predominance of the amount consumed by the vole over eliminated biomass (plants cut down) by the vole but not used as food, ratio over 2.0 -predominance of unused biomass over th at consumed. By m ultiplying the am ount of consumption by the value MR : C it is possible to estimate the whole biomass eliminated by the animals from further plant production.
The greatest fluctuations in the results obtained were found in the lucerne crop. Ratio MR : C varied from 1.9 in early spring to 7.0 in late summer (Table 12 ). This means that the voles consume 52°/c¡ of the Table 12 A verage ra tio of p la n t biom ass consum ed by voles (C) to th a t elim inated from fu rth e r p roduction (MR) in d ifferen t m onths. biomass of eliminated plants in spring, but only 14% in summer. This value increases over the course of the growing season as the food value of lucerne decreases, particularly abruptly between the first and second mowing. In rape and rye crops this ratio was estim ated during the development and flowering phases of plants, when there was a maximum amount of fresh green biomass in the field. In early, spring, however, the voles consume proportionately less rye and rape in relation to the biomass of eliminated plant biomass than is the case w ith lucerne. Later on this value decreases in the rape crop, but continues to increase in rye. This can be accounted for by the different way in which the vole makes use of plants during this period. At th at time the vole bites off whole shoots of cereals, but consumes only certain parts of them. In rape, on the other hand, it ceases to eliminate the whole plants, which are by then large and hard, and feeds chiefly on juicy leaves, new growth, weak or flattened plants, The role of weeds also becomes more im portant in the anim al's diet (Table 10) . On an average during the period estimates were made voles consumed 23°/o of eliminated biomass, 38°/o of rape and 33°/o of rye (Data in table 12 ). The biomass of the nests examined forms p art of eliminated but not consumed biomass (NU). This value was estimated in a year of average num bers in the lucerne, rape and rye crops. The average weight of a vole nest varies very little over the course of a year (Table 13 ). It was m ost stable in the lucerne crop, but among annual plants increased characteristically before the w inter period, when the average weight of nests built there was higher than in lucerne. In view of the slight variations in nest weight the general result obtained for estimated biomass of used nest m aterial per unit of area is chiefly the function of the density of rodents occurring there. Hence in lucerne the value T able 13 W eight of m a te ria l used to build nests in g d ry m ass/h a/y ear {year w ith av erag e d en sity of voles). is seven times greater than on rape and more than fifteen times greater than on the same area of the rye crop (Table 13 ). The num ber of rodents caught per unit of area in relation to the num ber of nests present there is a variable value, fluctuating from 1.1 to 2.6 individuals/nest. This ratio increases from spring to autumn, which is undoubtedly connected w ith the rodent's reproduction.
Effect of the Vole's Feeding on Changes in Cultivated Plant Yield
By consuming the green mass of plants the vole m ay affect the crop yield obtained by man. This species feeds directly on grain only for a short period during harvest time, and even then grain fails to form a basic element of its diet. By simulating, under controlled conditions, nibbling of plants by the vole by diversifying the am ount of biomass elim inated on the plots and the action at different phases of plant development, an estimate was made of the effect of these factors on crop yield.
Plants were found to react differently to the vole's feeding activities. Cereals have two periods of completely different reaction. In the first period, occurring during the development phase of cereals (autumn, w inter, early spring -w inter c e re a ls; April, early May -spring cereals) these plants react only slightly to damage in respect of crop yield. In summer, within the estimated plots, crop yield did not differ statistically from the crop yield obtained in control plots. After removal of 100°/o of the upper biomass of rye there was from 320 to 305 g dry mass/m2, and in wheat from 396 to 364 g of dry mass/m2. When y V -G rain crop in g/0.25 m 2; x -P ercentage of biomuss elim ination. y = -0.81x + 77.6; r = -0.81;n=35 plants are cut down twice during this development phase (in December and again in March) the crop yield of rye and w inter wheat was not found to decrease. During the development phase of cereals it was even found that slight losses in biomass cause a certain degree of sti mulation to the plan t's development. As an example removal of 50°/o of w heat and barley blades caused on an average 2-6°/o increase in grain biomass (the difference is not statistically significant). During the period when blades shoot up, ears form and flowering takes place cereals react strongly to damage by decreased crop yield The animals feeding during this period destroy the already formed rudim ent of ears and a plant injured in this way (its shoot) does not yield a crop. The decrease in crop yield is correlated with the value of biomass eliminated ( Fig. 1-4) . Rye and oats, after removal of 50% of the blades during this period, yield only one half of the control crop yield and removal of the whole biomass above ground (100% of blades) completely eliminates grain yield (although the plants still give a certain biomass of barren regrowths). W heat and barley are more resistant to nibbling by these animals and were found to react by 50% decrease in crop yield only after about 70% of the shoots have been removed. Even 100% removal of shoots fails to cause complete loss of crop from these plants. P art of the regrow n shoots still manage to produce grain. The crop yield is, however, low (not quite 10% of the control crop yield) and the grain of poor quality (Fig. 3-4) . Rape reacts to removal of biomass in a different way from cereals It was found that voles m ay cause maximum losses in this crop during the (period when the plants are still w eakly developed, th a t is, i,n autum n, w inter and early spring. Removal of leaves during these periods causes weakening and even destruction of plants. Removal of 33% of leaves caused 55% drop in crop yield, and removal of 75-100% ot larger leaves by as much as 75% (Fig. 5) . Decrease in biomass of whole plants (after deduction of grain biomass) is slower (analogically about 35 and 55%). As this same regularity was observed in cereal crops (Fig.  3 ) a general conclusion m ay be reached th a t damage to plants most strongly contributes to a decrease in grain biomass.
During subsequent development phases of rape the voles cease cutting Lucerne reacts differently to removal of part of its biomass during the growing period. In spring before the first mowing, removal of part of the shoots stim ulates the plants' .growth. This process intensifies with increase in the biomass removed. During the first mowing of lucerne on plots from which in addition 100°/o of the upper biomass of lucerne Fig. 6 . R eduction in reg en eratio n capacity of lu cern e as grow ing season proceeds (com plete rem oval of biom ass, biom ass of av erag e control sam ple ta k e n as 100%). y -P ercentage of biom ass in rela tio n to control crop; x -m onths.
had been removed, an almost 20% greater increase in lucerne crop was found in relation to the control plots (Fig. 6) . During the period between the first and second mowing the plants still regenerate lost biomass (5% reduction in crop yield, but the difference is not statistically sig nificant). L ater on lucerne losses increase as the result of additional cutting, th a t is, sim ulated feeding of these rodents. During the third mowing period losses in lucerne biomass were 15%i, and in autum n at the end of Septem ber-O ctober as much as approx. 35%. The results point to the decreasing regenerative capacity of lucerne during the course of the growing season.
Effect of the Vole on the Vegetation of Cultivated Fields
The simultaneous effect of several estimated factors of a vole popula tion : density, diet, effect on crops over the full cycle of its variations in num bers in a large study area, made it possible to obtain data of im portance to fu rth er studies on this species in agroecosystems.
It was found th a t different crops situated in the group of cultivated fields are used to a different degree by the vole. Considerable densities occur in lucerne fields during periods when neighbouring potato or maize fields are not inhabited (Table 2 ). In crops usually settled by a vole population its pressure on plants varies m arkedly, depending on the phase in the cycle of variations in numbers of this species. W ith the most frequent course of this cycle, peak numbers occur every 4 years (25% of the cycle's duration), w ith a year of m inim um num bers (25%), while the rem aining 50% of the time is taken up by years of m oderate pressure from voles. During the study period the num ber of voles in an area of 2150 ha of cultivated fields in a year of low num bers was only 3% in relation to a year of high numbers (100%), while the medium population num bers this figure was 23% (Table 3) , and on this account basic estim ates were calculated for the situation in the three phases of the population cycle.
The basic and initial value for fu rth er calculations is the estimate of the population's consumption. Annual consumption on an average hectare of crops was calculated on the basis of estimates of vole densities in crops and accepted estim ates of am ount of annual consumption per average hectare of crop (Table 14) . During periods of high densities voles consume almost one ton of dry mass from an average hectare of lucerne, this being the maximum value found. In an average year consumption is from 2 kg dry mass/ha (spring crop) to 198 kg dry mass/ha (lucerne). A knowledge of the proportion of different crops in the structure of arable land made it possible to calculate the population's consumption for the whole area of crops (Table 15 ). On 182 ha of lucerne voles consumed from 6 to 179 ton dry mass, on nearly 750 ha of w inter cereals from 0.9 to 52 tons of dry mass/year. On the whole area of cultivated fields voles consumed from 7 to 247 tons of dry mass, and in years with average states of population numbers 58 tons dry mass/year (Table 15) .
T able 14 E stim ated yearly consum ption by th e com m on vole per h ec ta re of crop (in kcal/ ha/y ear : g dry m ass/ha/year). On the basis of estimates of consumption and bioenergetic indices calculation was made of the am ount of faeces and urine excreted by voles per hectare of different crops, w ith varying density these animals (Table 16 ). In a year of mass irruption, for an average hectare of lucerne the voles excreted over 180 kg faeces/ha/year, which counted together w ith the am ount of urine voided, corresponds to excretion of about 39 kg pure nitrogen/ha (nitrogen contents in faeces and urine of M. arvalis according to Drozdz's data (1968).
On the basis of the amount of biomass consumed (Table 14) , after m ultiplying by the mean MR : C indices contained in table 12 (ratio of biomass elim inated from fu rth er production to consumed biomass) estim ates w ere obtained of the biomass of plants subjected to the vole's pressure (Tables 19, 20) . These values give a more accurate picture of the effect of these animals. The amount of biomass eliminated (cut down) by voles over the course of a year from the study area of fields is on an average four times greater than the biomass consumed (Table 15, 1 A rea of root crops and m aize crop ta k e n into account.
The vole eliminates an average of 109 kg dry mass (15-149 kg dry mass) from an average hectare. When densities are higher in lucerne crops the voles from the area of the crop eliminate nearly 80% of the biomass of plants eliminated from fu rth er production (Table 20) . The rem aining 20% is elim inated from the area of other crops, which jointly occupy 90% of the field area.
The relation between the biomass of consumed or elim inated plants and plant production shows the extent to which the voles make use of the available food supply. In years of average num bers the vole con sumes about 2.1% of the prim ary production of lucerne, 0.36% rape, 0.001 0.002% of cereals (Table 14) . Consumption of prim ary production by voles on an average hectare of the group of cultivated fields (average prim ary production of the upper parts of plants 7222 kg dry mass/haFrench et al, 1979) was from 0.04-1.6% (average 0.4%). In a year of mass irruption on lucerne voles consume 179 ton dry mass (10.4% of prim ary production) which corresponds to the entire crop from 19 ha of lucerne fields (Table 15 ). During this period the voles elim inate from T ab le 17 E stim ate of rye a n d rap e grain, losses by m eans of an aly sis of in te n sity of dam age to p la n ts rou n d vole colonies. T able 18 E stim ate d rye an d raipe g ra in losses based on p ercen tag e of g ra in in th e com po sitio n of th e vo le's diet (calcu lated for q u a n tita tiv e estim a tes as in ta b le 17).
T J «H < D°
Item Rye R ape D ensity, indiv id u als/h a P erio d of feeding on grain, days A m o u n t of vole's consum ption for period, kcal P e rc e n ta g e of g ra in in diet A m o u n t of losses, kcal/ha C aloric v a lu e of grain, kcal/g d ry m ass A m o u n t of losses, g of dry m ass/ha fu rth er biomass production 786.5 tons of dry mass of lucerne, which constitutes the crop yield from nearly 84 ha of fields, th a t is, from about 46%) of the area of this p lan t in the study area (Table 20) . It was estim ated th a t during a period of mass irruption in 1971 the voles elim inated 45.8°/o of plan t biomass in the lucerne crops, which consti tuted the highest value found during the time these estim ates were being arrived at (Table 21 ). Voles eliminate from 0.2 to 6.4%> from an average hectare of crop and during a period of medium population numbers 1.5°/o of prim ary production. Use of the available weed biomass, judged on the basis of estimates of proportion in total consumption, is higher than for cultivated plants (Tables 9-11 ).
On the basis of analyses of the vole's diet, and experim ents on the effect of damage to plants on th eir crop yield, an estimate was made of the extent of consumption of cereal grain and rape by the vole, and its influence on reducing the grain crop by consuming the green mass of plants. A lthough these data should be treated for the time being as T able 19 P la n t biom ass elim inated from fu rth e r production per h ectare of crop (in k g d ry m ass/year). prelim inary only, it m ay be said th at w ith the densities found for the vole population in the study area, these are not values im portant to the economy. The estim ated grain losses per hectare of crop did not exceed, even during periods of large population numbers, 0.5% of crop yield (Table 21 ). It was found th at the vole, in eliminating the green mass of growing plants, causes ten times higher losses of grain crop (Table 17) than by directly consuming it (Table 18) . An attem pt was made at applying the data obtained on the vole population to an economic assessment of its activities. T h irty percent of the study area is occupied by land belonging to the Turew State Farm (State Farm Group, Czempin), which in respect of the results achieved is one of the leading national farms. Comparison was made of maximum estim ates of the am ount of losses caused by voles w ith areas of different crops on the farm, current prices for agricultural products and financial results of the farm (Table 22 ). The whole of the losses incurred amounted to 763,000 zl, which in relation to the farm 's income from plant product ion constitutes about 16°/o. These are maximum data relating to the situation occurring every few years or so, on an average losses being about 3.5°/o, and during periods of low population numbers of voles only 0.5% of income. Over 9.7% of financial losses is due to voles' activities in lucerne fields, while its presence in the area of annual crops is of no real economic importance.
DISCUSSION
The studies carried out over a period of several years perm it of making a general estimate of the role of Microtus arvalis in the group of cultivated field and also, although sm aller in scale, the agrocenoses of the Wielkopolski region of Poland. This estimate was m ade possible by the application of a large number of reciprocally supplem enting and controlling methods, defining the state of the vole population and also perm itted of gaining a deeper insight into the mechanisms of its effect on vegetation. In these studies the relations, of fundam ental importance for estimating the role of herbivores, between density and population occurrence structure, and the biomass of plants eliminated from further production, related to the prim ary production of the study habitats, were taken as a basis. Modification and interpretation of the results obtained were made possible by estim ating the composition of the voles' diet and the regenerative capacity of plants. This sequence of relations would appear to be of the greatest importance, although the num ber of sug gested interrelations, ways in which voles affect plants and their habitat continually increase and the studies proceed. Most often, however, there has up to the present been a lack of quantitative inform ation on these connections.
At the very start of analysis of the results obtained the problem arises as to how far they are also representative of the greater p art of Poland. It would appear th at this depends chiefly on the typical character of the spatial structure of the study area, the densities of voles found and the way in which they occupy crops. The study area was intensively used for agricultural purposes, cultivated fields occupy ing 70°/o of the area, wooded land, meadows and land not cultivated agriculturally each occupying 10%(. This area structure is typical of the Kościan Plain area, considerable stretches of the Wielkopolski region (data from the WRN in Poznań) and the lowland p art of Poland. During the study period there were two peaks of num bers of voles : in 1971 and 1975, and data were also available from the subsequent peak in 1978. As it was found th at maxim um num bers of rodents in years of their greatest effect vary only w ithin limits of 30%, the distribution and density occurring in the 1971-74 cycle were taken as typical for the course of these phenomena in the study area. Sim ilar results were obtain ed during this period for a num ber of districts in the central, southern and eastern part of the Wielkopolski region (data from the P lant Protect ion Institute in Poznań). Caboń-Raczyńska & R uprecht (1977) , by means of analysis of owl pellets, consider the region in which the estimates were made as among areas w ith very high density of voles, occurring chiefly in the w estern and southw estern parts of Poland. The quantita tive data given by Adamczewska-Andrzejewska (1974) show th at the densities registered in the study area are similar to those occurring during this period in Lower Silesia and the Opole region, and are distinctly higher than the average for Pomerania, the Gdańsk and Rze szów districts. The occurrence of the vole in groups of cultivated fields in the study area is characterized by uneven settlem ent of the different crops. Lucerne, clover and grass plantations are very numerously inha bited ; the vole occurs regularly but not in large numbers in cereal and rape crops, but clearly avoids maize, beet and potato crops. This kind of settlem ent is typical in Poland, Czechoslovakia (Kratochvil, 1959), Bulgaria (Straka, 1967) and m any of the European regions of part of the Soviet Union (after data accumulated by Popov, 1960) . It would seem th at lucerne and similar crops are attractive to the vole for two reasons. In the first place these are the only fields in which the rodents' burrows are not destroyed by agrotechnical operations over a period of 3-4 years. In the second, lucerne forms a good food for the vole, as it has a high protein content (Sawicka- Kapusta et al., 1975) , available throughout the year. In food tests lucerne was included in the group of plant species most readily consumed by the vole (Petrov, 1963) . In tests of the attractiveness as food of 30 plant species for a closely-related species, Microtus pennsylvanicus (Thompson, 1965) , it was found that it clearly prefers lucerne and two species of clover (Trijoliuvi repens and T. pratense).
The estim ates presented in this paper relate to the group of cultivated fields in the study area (69% of the area). As the vole also occurs here in meadows, edges of shelterbelts, and roads, on grass boundaries between fields and sim ilar places, its numbers for the whole study area are higher than those shown in the paper. The area of these places is about 400 ha (13% of the study area). Together w ith lucerne fields they constitute a place of shelter for the species during periods of low numbers. A sim ilar situation occurs in the agrosystems of Bulgaria (Straka, 1967) . Consequently, the numbers of voles in these habitats are usually greater than on the surfaces of open fields, even though quantitative data are so far scanty and not too reliable. The authors did not carry out their own absolute estimates there, as the method used for estimating numbers in these places is not very effective (the systems of burrow s are too extensive). Meadows (10.2% of the study area) form the greatest area of shelter places, and are consequently of greatest importance. The re lative estimates made showed th at they are (in addition to the w ettest places) inhabited by the common vole, which is most often the dominant species there. The course taken by variations in num bers is the same as in lucerne fields, and the am ount of prim ary production is also similar (Table 8) . During the study period 12 quantitative estimates were also made on plantations of seed grasses and fields of mixed lucerne and grass, in which grasses dominated. It was found th a t the density of voles in areas in which lucerne grew in addition to grasses was slightly lower, although not different statistically from th at occurring at the same time in lucerne crops, b u t in areas growing grass only the average figure is about 30% lower. If we accept th at the average density of voles per average hectare of meadow and other shelter habitats is 33% lower than th at occurring in lucerne fields, it is possible to calculate on the basis of estimates, assessments and field observations the total num ber of voles in the study area. In connection w ith the extensive area of meadows the estim ated num bers of the vole population in shelter habitats would exceed, by even several percent, the numbers in the group of cultivated fields. Consequently the value for m any estimates for the whole of the agrocenosis in the study area (population numbers, its consumption etc.) m ay be equal to about double the value obtained for the area of cultivated fields only, while corresponding mean values per average hectare of agrocenosis would increase by about 30%l
The author had no quantitative estimates of the effect of the M. arvalis population on the group of crops at his disposal. The small num ber of estimates of the amount of consumption in relation to prim ary production apply almost entirely to lucerne crops. This value was estim ated by Trojan (1969) as 0.8%, in Spitz's studies (1968) w ith density of voles of 25-600 individuals/ha of lucerne did not exceed 10%, and S trak a's data (1970) as 0.55-10.52%. In the present study it was estim ated as 0.4-10.4% (in years of average num bers 2.1%). From 0.01-0.75% consumption of plant biomass was found for the w inter cereals crops, while this figure was about twice higher in rape -0.03-1.5% (0.4%). T rojan's estimate (1969) agrees with the value obtained in estimates for cereals, as he estimated consumption of prim ary production by voles in a rye field as 0.5%.
It has been suggested for a long time th at rodents and other herbivores often cause losses far higher than the am ount they consume would appear to indicate. It is only in recent years, however, th a t papers have been published w ith quantitative estimates of these relations. Spitz (1968) calculated th a t the vole consumes only about 50% of the biomass of the lucerne shoots it bites off. Trojan (1969) estimates th a t losses in lucerne are three times greater than the am ount actually consumed by voles. Straka (1970) found on an average a ratio of three to one in respect to consumption to losses in lucerne over the period of the fouryear cycle of variations in the num bers of voles. Zlotin & Khodashova (1974) estim ated th at the biomass of prim ary ■production destroyed by voles in the steppes examined was 2.5 times greater than the amount consumed. Zlotin (1975) estim ated th a t in meadows this ratio was 6-20 times. Tertil (1977) gives the ratio of losses to consumption as 4-12 times for lucerne during the period between the second and third mowing. Babinska-W erka (1979), who also estim ated this index in lu cerne, found that it varies w ithin limits from 1 to as much as 17 times. The index estimated by the au th o r's method did not vary w ithin such wide lim its (1.9-7.0), and its mean value over the year was 4.4, but w hen calculated in the same way from Babinska-W erka's estimates is higher i.e. 7.9. The direction of variations in the index is entirely in agreem ent -its low values in early spring and autum n, when the vole consumes chiefly young juicy lucerne shoots, and increasing values in periods of successive mowings, as the food value of plants diminishes (Sawicka-Kapusta et al., 1975) changes in the ratio of leaves to stalks (Spitz, 1968) etc. Estimates of this param eter obtained by the author of this paper, by Tertil (1977) and Babinska-W erka (1979) , are difficult to compare at the present stage of studies, on account of the completely different methods used to obtain them, the calculations and conversions used, great differences between different series of experim ents carried out in the same phases of p lan t's development. The discrepancies between estim ates obtained by these authors became smaller, however, when averages are calculated for estimates. As an example -the coefficients obtained by Tertil (1977) during the period between the second and third mowings, although differing during the various series of experi ments from 1.28 to 11.73, have an average estimate of 4.8, and this value in the author's estimates for the same period was 7.0, th a t is, these estim ates for the same period do not differ in principle. It would seem th at by means of the method proposed in this study it is often possible to obtain slightly under-estim ated results, resulting from the way in which the voles' feeding are round the colonies was defined.
MR : C ratio was estimated for the first time for rye and rape crops during the spring period. The values obtained are slightly lower than in the lucerne crop at this time. There are no estimates for these crops during a later period of development, since it is then difficult to carry them out by means of the method used. It m ay be assumed th a t the tendency observed is m aintained, th at is, the value of the index in the rape crop decreases even further, whereas in the rye crop, like lucerne, it will increase.
Several estimates have already been obtained for the whole of plant biomass eliminated by the vole from the area of the lucerne crop in relation to the prim ary production value of this plant. This value is usually considered identical with the estimate of losses caused by the vole. Since the authors of these data use different ways of estim ating consumption, accepting different ratios of losses to consumption, and record different densities of voles in the fields examined, it is difficult to compare them. In the present study, depending on the population phase of the vole, they were estimated as 1.6-45.8% (average 9.3%, with average numbers of voles). Higher values were obtained by Tertil (1977) for the period before the third mowing (when losses are the highest for the whole year) -51% and Babinska-W erka (1979), who estim ated them on the basis of one-year studies in a num ber of fields, as on an average 8.7% at the first mowing, to 60.2% at the third mowing.
The consumption of cereals and rape biomass by voles was estimated on the basis of the data collected. Unlike lucerne, in these crops the factor of most importance to man is the effect exerted by the vole on grain crop, which the vole affects by feeding on green parts. Hence the necessity for obtaining data on the composition of the vole's diet, periods of its increased harmfulness, estimates of the plants' capacity for regeneration. Plants react differently to the vole's nibbling activities. It was found that rape reacts unfavourably to nibbling from autum n to early spring, after which the vole practically ceases to be a pest in this crop. Cereals (results obtained similar to those of Tertil, 1977) do not react by a decrease in crop during the period of the early stages of its development (the plants regenerate the losses), but react very unfavourably during the period when ears forms and the plants flower. Kratochvil (1959) draws attention to the harm fulness of voles to w inter cereals, both during the period following immediately on sowing, when voles consume the sown seed, obliging farm ers to re-sow. No damage of this kind ' has been observed over the last 10 years (1969-1979) in the study area. Lucerne reacts most strongly to damage done by voles in late summer, during the period from the second to third mowings, whereas in spring the vole's activities may even stim ulate the growth of these plants. Similar results were also obtained by Babinska-W erka (1979) . Spitz (1967) and Tahon (1969) found th at these animals exerted a m arked effect on crop yield during periods when the regeneration capacity of plants was low. They also emphasize th a t the anim als' activ ities must take place at sufficiently early growing phases for the plant to have time for complete regeneration of losses. Ryszkowski et al. (1975) estimated th a t rye cut down by voles in M arch completely regenerate losses in grain and total biomass up to the harvesting period, b ut when harvested in May as greenstuff exhibit 43°/o deficiency of biomass ou the vole's feeding areas in relation to control areas. Judenko (1967) also states that up to the time of harvesting, maize regenerated 70% of the losses incurred in spring due to rats feeding on it. The general conclus ion arising from the data presented is th at frequently it is not biomass elim inated by rodents itself, but the time of their activities which determines economic results. It m ay be said th a t high population numbers of voles in summer are particularly harm ful to lucerne crops, in M ay-June for cereals and for rape in autum n, w inter and earky spring.
Analysis of the vole's diet in th e basic areas of crops in the study area showed th a t the proportion of green p a rts of plants in these anim als' diet does not usually fall below 90%, and very frequently is almost 100%|. The vole in fields feeds chiefly on the plants cultivated in the given field, and in certain phases of the development of these plants becomes to all intents and purposes a monophage. This estim ate is confirmed by Straka (1967) . Its diet becoming extrem ely simplified. It has been found th a t other kinds of food (seeds, parts of plants below ground, invertebrates) play a negligible ¡part in its diet. Tendencies to such composition of the vole's diet was found during estim ation of the food preferences of rodents (Petrov, 1963) , b ut in relation to estimates of their diet in the case of voles caught in more diversified habitats, the proportion of these components in the diet of voles in fields is even lower (Sahno, 1957; Bashenina, 1962) . Voles (as was found on all the study crops) by preference feed on weeds, which form a far higher proportion of its diet than in the biomass of plants in the crop. Sawicka- Kapusta et al. (1975) explains this, after Prochaszka (1972) by the search for certain microelements which are missing from monotonous diets. Almost all the plant species encountered in the area covered by the vole's movements were consumed by these animals. This agrees with data given by a large num ber of authors, who drew up long lists of such species (e.g. Bashenina, 1962 ; Petrov, 1963) . Voles failed to eat only 7% of the 68 species of green plants tested by P etrov (1963) .
It was found th a t voles consume only a small proportion of cereal and rape grains in the crops examined. In Poland Skuratowicz (1957) has defined considerable losses in cereal crops as sporadic only, occurring under special conditions, whereas in the Ukraine, as stated by Sokur (1963), there are m any examples of ¡serious damage being done to wheat crops. Calculation was made from estimates of diet composition, and experim ents intended to define the effect of these anim als' feeding on crop yield, of the biomass of grain consumed and the ratios of values assessed in this iway in relation to crop yield. The data obtained point to minimum losses, below 5°/o' of grain yield biomass, caused by voles in these crops. The estim ate of .reciprocal relations betw een grain losses caused by consumption itself and losses caused by the rodents' nibbling the green mass of p lan ts produced an interesting result. It was found that grain losses due to plants being weakened by voles are ten times greater than losses caused iby direct consumption of grain.
Stachyra (1975) compared Polish data on cereal crop losses caused by weeds, pathogens and pests (estimated in all as over 23°/o, where the results of losses due to rodents m ay be less than 0.2°/o according to this author). It would therefore seem th at in the very great m ajority of cases, even w ith population density many times greater than those found for the study area, losses caused by voles ¡will come below the so-called economic threshold of harmfulness. This concept defines such initial density of pest (or pathogen) occurrence which in developing may cause greater losses than the expense of plant protection operations (Stachyra, 1975) . This is an im portant concept in plant protection, of considerable practical significance, but at the same time difficult to obtain. As has been p artly shown in this paper, it cannot be a constant value, since it depends inter alia on the development phase of the plant its capacity for regeneration of damage, the way in which the plant is damaged by the pest and also the rate of increase of its density, the changes caused in the soil layer, composition of vegetation etc. At the same time it depends on the quality of agricultural m anagem ent (crops, fertilization), since on the one hand strong plants are more resistant to the harm ful effect of noxious factors, and on the other the costs of saving poor plantations may not be worthwhile when density of pests is smaller.
It is not the purpose of this study to discuss this problem in greater detail. S'tachyra (1975) estim ated th a t in Poland the vole may cause losses (from among plant species cultivated in the group of fields studies) in rye, wheat, potatoes, beet and lucerne, envisaging the carrying out of counterm easures in rye only. Estimates of the vole's activities show, however th a t in the study area (and probably in the greater part of Po land) it is chiefly a pest of perennial papilionaceous crops. So far no estimates have been prepared on the harm fulness threshold for voles in these crops. The prelim inary recommendations available are based to too great a degree on estimates only and on forecasts, and not quantitative data. Spitz (1968) suggests th at the harm ful activities of voles begin when their density reaches about 200 individuals/ha of lucerne. Straka (1970) recommends th a t methods to control voles should begin in early spring, when their density os about 100 individuals/ha (1-2 active colonies/ 1000 m2). Sokur (1972), for U krainian conditions, considers th at a density in spring of about 10 individuals/ha (4-5 colonies/ha) constitutes a dan ger, and th a t the Soviet M inistry of A griculture's recom m endation for the steppe region, ordering th a t control action against voles should not begin until their numbers have reached a far higher level, is incorrect. On the strength of the au th o r's own estimates, assuming th a t even 5°/o of elim inated lucerne biomass over the course of the year is already economically im portant, it m ay be calculated th at this am ount of biomass is elim inated by a vole population which in spring (April) occurs w ith a density of 30-40 individuals/ha.
It would seem (as is understandable in view of the complex nature of this group of relations) th a t there is still a lack of reliable linking of estim ates of the vole's role made by ecologists w ith the estimates of practical agriculturists. An example of this m ay be th e data collected on the am ount of lucerne crops obtained in state farms, which do not dem onstrate the connection w ith variations in th e density of voles in this area. Ecological estimates of their influence lose their actuality as a result of less accurate local m easurem ents of the height of plants, of compensation for lost biomass by plants as the result of fertilization and other operations and, which would appear to be of great importance in these comparisons, of loss of p a rt of the crop during the harvest due to the action of agricultural m achinery. Clarification of the relation between these groups of estim ates will certainly make an im portant contribution to estim ating the role of M. arvalis and is one of the chief problems aw aiting solution.
The next problem raised is more im portant from the aspect of increas ing our knowledge than from a practical aspect. Spitz (1968), on the basis of suggestions made by Lamotte and Bruliere, anticipates that herbivores take out as much from the system as they later return to it, th a t is, their activities are characterized by balance of profits and losses. He endoavours to calculate this, using the »nitrogen balance as an example, showing th at voles in lucerne may function as carriers of nitrogen substances. The data collected in this paper perm it of develop ing these estim ates to take a larger pum ber of crops at different phases of the rodents' population cycle. For example, in lucerne voles consume an average of 23% of elim inated plant biomass. The rem aining plant biomass decomposes in the field, in most cases during the same growing season -75% on the surface of the soil and abut 2% underground as m aterial used for building nests. The consumed plant biomass rem ains almost entirely in the field in the form of solid and liquid excrements. If this is considered as a portion of nitrogen, it m ay be said th at these are im portant values. For instance in years when voles occurred in large num bers per hectare of lucerne, they excreted about 39 kg of pure nitrogen in faeces, which forms the equivalent of 62-78% of the average portion of nitrogen which lucerne received during this period from m ineral fertilization in the study area (data from the Rogaczewo P lant Breeding Station). 2.1% of assimilated food is used for population pro duction. This vole biomass p artly returns to the soil as carrion. The greater p art of 30.6%> of vole biomass consumed in this area by the group of predators (Ryszkowski et al., 1973) reaches the shelterbelts and copses where predators have their hideouts, feed th eir young etc. This part of the consumed plant mass of the fields does not rem ain on it, and thus in the case of the vole this balance is not completely equilibrated in a given field, but only on the agrocenoses scale. Contem porary intensive agriculture, aiming at maximum production, tends towards the sim plest biological systems and the presence of the vole is undersirable to it. A ttem pts may be made at envisaging changes in the im portance of M. arvalis as progress is made in agriculture. Golley et al. (1975) anticipates th a t small mammals will play a negligible role in intensively cultivated crops -the smallest role among all habi tats of the tem perate zone. Proof of this is supplied by the situation which currently exists in the highly cultivated fields of Belgium. The vole occurs there in very small num bers and regular cycles of fluctua tions in num bers have gradually disappeared. Carefully planned and executed agricultural techniques, ploughing rapidity, harvesting rapidity and the ever more frequent absence of stacks etc. observed in fields in our times are of course causing a decrease in the num bers of voles, although it is still difficult to prove this quantitatively. W ith fewer papilionaceous crops, due to more maize, fodder and root crop plants, in a given region, the num ber of voles as it were automaticaly decline, that is, its possible periodically also to act through a change in the crop structure. The problem of losses caused by the vole is connected chiefly w ith modern agriculture, in which currently any and all possibilities of increasing crops are most im portant, and consequently this problem will gradually increase. There are now other methods for increasing crop yield -special agricultural techniques, control of w ater balance, ferti lization, the quality of harvesting machines etc. which will achieve economic effects more rapidly than working out scientific methods for control of the vole. These problems will confront Polish agriculture in the future. Tabela 1) oceniono, w ciągu 6 kolejnych la t (1971-1979) w pływ n o rn ik a zw yczajnego M icrotus a rva lis (Pallas, 1779) n a plonow anie pól upraw nych. A nalizow ano zm iany zagęszcze nia p o p ulacji n o rn ik a (Tabele 2, 3), skład jego diety, zdolności reg en eracy jn e po szczególnych g atu n k ó w roślin (Tabela 4, Ryc. 1-5), średnią p ro d u k cję p ierw o tn ą części nadziem nych ro ślin up raw n y ch i chw astów , skład g atu n k o w y chw astów w y stęp u jących n a polach up raw n y ch (Tabele 5-7), udział k o n su m p cji w całości biom asy usu n ięty ch roślin (Tabele 12-14). Stw ierdzono, że w ysokie zagęszczenie może osiągać n o rn ik jedynie na około 19°/* obszaru b ad ań (lucerny, łąki, sk ra je zadrzew ień), na około 48% w y stępuje reg u la rn ie choć niezbyt licznie (głów nie upraw y zbóż), zw ykle nie zasiedla 23% obszaru (okopowe, k u k u ry d za, lasy). Z decydow a nie n ajliczniej zasiedla u p raw y lucerny. Na upraw ie tej za jm u jąc ej 8,5% całości a re a łu u p ra w b y tu je 74% obecnych na polach upraw n y ch norników . W okresie ro k u w zależności od fazy cyklu zm ian liczebności norniki u su w ają z przeciętnego h e k ta ra lucerny od 1,6 do 45,8% biom asy produkcji p ierw o tn ej (Tab. 21). N a pozo stały ch u p raw ach nie p osiadają znaczenia gospodarczego u su w ając jedynie p rze ciętnie około 1% p ro d u k cji p ierw otnej (zboże ozime, rzepak) lu b n aw et 0.1% (zboża ja re ; T abele 17, 18) . Z przeciętnego h e k ta ra u p raw na te re n ie b ad a ń p opulacja n o rn ik a u suw a w ciągu roku od 0,2 do 6,4% produkcji p ierw o tn ej (Tabele 19-21). S k ład diety n o rn ik a n a obszarze pól cechuje m ałe zróżnicow anie. Zielone części ro ślin stanow ią zw ykle nie m niej niż 90% pożyw ienia. U dział niezielonych części ro ślin w diecie w ynosi poniżej 10%, pokarm u pochodzenia zwierzęcego poniżej 1%. W okresach dojrzew an ia nasion roślin upraw nych stan o w ią one około 10% diety. Na w szystkich u p raw ac h stw ierdzono wybiórcze w y korzystyw anie chw astów przez n ornika. T abele 9-11). Stw ierdzono w ybiórcze w yżerow yw anie chw astów z p ow ierzchni upraw . O w pływ ie norn ik a na wysokość plonu ro ślin u p raw n y ch de cy d u je zagęszczenie oraz w dużym stopniu okres jego o ddziaływ ania n a roślinę, m niej n ato m iast sam a w ielkość usun iętej biom asy. Szkody p o w stają głów nie w w y n ik u żerow ania n o rn ik a na lucernie latem -jesienią, na zbożach późną w iosną--latem , na rzep ak u od jesieni do późnej wiosny. W innych okresach n a stęp u ją silne odrosty ro ślin co w dużym stopniu rekom pensuje s tra ty w yw ołane przez pogryzy. O trzym ane oceny w ysokości stra t pow odow anych przez n o rn ik a na u p ra w ach w stosunku do dochodów z produkcji roślinnej m iejscow ych P aństw ow ych G ospodarstw R olnych w ynoszą od 0,5 do 16% (w p rzeciętne la ta 3,5%). W tej w ielkości aż 97% s tr a t pow oduje działalność populacji n o rn ik a na u p raw ach lu cerny (Tabela 22).
